hese experiments were carried out at Kaha Vegetable Research Farm, Qalubia Governorate, Horticulture Research Institute during the period from 2013 to 2016 to study the inheritance of some garden pea (Pisum sativum L.) economic characters, viz., plant length, number of days to flowering, green pod yield/plant, number of pods/plant, number of seeds/pod and shelling percentage. Four garden pea crosses, viz., Master × PS 210713, Master × Sugar gem, Victory freezer × Sugar gem and Victory freezer × 6-Lebanon and their reciprocals were produced.
INTRODUCTION
Garden pea (Pisum sativum L.) is an important vegetable crop in Egypt due to its high nutritive value. The total cultivated area grown with garden pea in 2015/2016 was 41819 feddan produced 183282 tons with an average of 4.383 tons/fed. (Malr, 2018) . Garden pea initial domestication lies in the Mediterranean, primarily in the Middle East. The most important aims for pea breeding are developing high yielding T cultivars with stable productivity. Its improvement is mainly based on exploiting natural germplasm sources by selection or hybridization followed by selection.
Heritability is the portion of phenotypic variation which is transmitted from parent to progeny. Highly heritable variation leads to great possibility of fixing character by selection methods (Sharma and Bora, 2013) . Noser (2002) , Hamed (2005) and Hamed et al (2015) indicated that maternal effect was not observed for plant length trait in any one of studied crosses. This could be due to nature of self pollination in pea. High positive PR values indicated over dominance and complete dominance towards the tallest parent were estimated for plant length trait , meanwhile, El-Dakkak (2016) found partial dominance towards the tallest parent for this trait. Hamed (2005) found negative heterosis in some crosses and positive heterosis in others for plant length trait, meanwhile, El-Dakkak (2016) found negative heterosis (-16 .82%) based on the tallest parent for this trait. However, Hamed et al (2015) found positive heterosis over better parent in all crosses for plant length in pea. Minimum number of genes (MNG) for plant length character was 1-3 pairs of genes (Hamed, 2005) , 1-5 genes (Noser, 2002) and one gene . Broad sense heritability (BSH) of plant length trait was high (Kumari et al, 2009 and Galal, 2014) which suggested that this trait would respond to selection. Meanwhile, Hamed (2005) , Hamed et al (2015) , El-Dakkak (2016) and Georgieva et al (2016) estimated BSH and it was from 54.6% to 74.2%, from 79.49% to 89.65%, from 85.92% to 98.38%, and 55%, respectively. Khalil et al (2015) found that maternal effect did not affect inheritance of number of days to flowering character in all studied populations. Meanwhile, Noser (2002) found that maternal effect was existed for this trait only in one out of the six studied crosses of pea. Also, Hamed (2005) indicated that maternal effect was found only in one out of three studied crosses of garden peas. Positive PR values were calculated indicating partial dominance to late flowering parent as detected in pea populations by Hamed (2005) , Abbas (2012) and Khalil et al (2015) . Meanwhile, different types of dominance were obtained by Noser (2002) . Also, Sood and Kalia (2006) found complete and over dominance for this trait. Significant positive heterosis based on early parent was observed in all garden pea crosses for days to flowering trait (Hamed, 2005 and Khalil et al, 2015) . While, Noser (2002) found negative heterosis in some crosses and positive heterosis values in the others. Minimum number of genes controlling number of days to flowering trait was estimated as a single gene , one to two pairs of genes (Noser, 2002) and two to seven pairs of genes (Hamed, 2005) . High BSH estimates were obtained by Kumari et al (2009) , meanwhile, it was ranged from low to moderate (Abbas, 2012) . It was estimated as 65.64% to 94.23% (Noser, 2002) , 63.4% to 77.5% (Hamed, 2005) , 70.88% to 91.03% (El-Dakkak et al, 2014), 98.0% (Galal, 2014) , 93.47% to 94.74% and 90.37% to 98.52% (El-Dakkak, 2016).
No significant differences were stated between F1's and their reciprocals for green pod yield/plant trait in all populations indicating no maternal effect Kosev, 2015) . However, Noser (2002) indicated that maternal effect was remarked for green pod yield/plant trait only in 2 out of 6 crosses of garden peas.
Over dominance was detected for high green yield/plant trait , meanwhile, high positive PR values indicated over dominance and partial dominance towards high yielding parent were estimated by Sood and Kalia (2006) . While, Noser (2002) found different types of dominance for this trait. Noser (2002) observed significant positive heterosis of pod green yield/plant in all studied crosses estimated as 6.54% to 74.93% except in one cross which exhibited negative heterosis. Also, positive heterosis (118.29 % and 160.48%) over better parent was found in two populations for green yield/plant trait , meanwhile, Kosev (2015) found significant positive heterosis in all studied populations. Minimum number of genes controlling green pod yield/plant was a pair of genes in all populations (Noser, 2002 (Noser, 2002 and Kosev, 2015 , meanwhile, Hamed (2005) found that maternal effect was existed for this trait only in one out of four studied crosses of pea. High positive potence ratios indicating over dominance towards high parent were observed in all studied populations for number of pods per plant (Sood and Kalia, 2006 and Hamed et al, 2015) . Also, Noser (2002) found over dominance of highest parent in three crosses and complete dominance of highest parent in three others. However, Hamed (2005) observed complete dominance of highest parent in 3 out of 4 crosses and complete dominance of lowest number of pods/plant in one cross. Positive heterosis over better parent for number of pods/plant trait was noted in all studied crosses (Noser, 2002 and Hamed et al, 2015) . On the other hand, Hamed (2005) estimated negative heterosis values ranged from -32.7% to -2.9% in all evaluated populations. While, Kosev (2015) found positive heterosis in some populations and negative heterosis in others. The different results might be due to using various germplasm or different environmental conditions. Minimum number of genes controlling number of pods/plant was a pair of genes in all populations (Noser, 2002 El-Dakkak (2016), found that BSH for this trait ranged from 14.67% to 43.47%, from 57.08% to 84.40%, from 29.22% to 59.78% and from 43.45% to 54.35%, respectively. Noser (2002) , Hamed (2005) and Khalil et al (2015) found that maternal effect for shelling percentage trait was not observed in any one of the studied crosses. Noser (2002) found complete dominance of better parent in all crosses for shelling percentage trait, meanwhile, Sood and Kalia (2006) and Abbas (2012) found that shelling percentage was controlled by over dominance. Also, positive potence ratios were found indicated over and complete dominance of best parent (Hamed, 2005, and Khalil et al, 2015) . Noser (2002) , Hamed (2005) and Khalil et al (2015) estimated positive heterosis, based on better parent, for shelling percentage trait in some studied crosses, while, negative heterosis were obtained in others. Minimum number of genes governing shelling percentage was one pair in all crosses studied by Noser (2002) and Khalil et al (2015) . However, it was estimated as one to three pairs of genes (Hamed, 2005 and Abbas, 2012) . Broad sense heritability estimated for shelling percentage trait was low to moderate (Noser, 2002 and Hamed, 2005) , meanwhile, Kumari et al (2009) and Khalil et al (2015) indicated that it was moderate.
Lack of sufficient genetic variability for economically important characters of pea is the reason of doing efforts to progress in crop improvement. So, the research work in this study aims to studying inheritance of some economic traits of garden pea such as plant length, number of days to flowering, green pod yield/plant and shelling percentage which may help to select proper genotypes for future breeding programs.
MATERIALS AND METHODS
This investigation was carried out during the period from 2013 to 2016. Shelling percentage = (Seeds weight/total pod weight) × 100.
Genetic parameters calculated
Maternal effect was calculated by measuring significance of difference between every F1 mean and it's reciprocal by (t) test. Potence ratio, i.e., relative potency of gene set (PR) was applied to determine direction of dominance according to the formula of Smith (1952) . Heterosis was estimated based on better parent using the formula of Sinha and Khanna (1975) . Minimum number of genes governing character in each cross was calculated using Wright formula (Burton, 1951) . Broad senses heritability (BSH) was calculated using the equation as described by Allard (1960) .
RESULTS AND DISCUSSION

1-Plant length
Regarding plant length trait, data of parental, F1, F1r and F2 populations of the crosses Master × PS 210713, Master × Sugar gem, Victory freezer × Sugar gem and Victory freezer × 6-Lebanon are given in Table 1 .
In four studied crosses, parents were clearly different in plant length. Means of F1's and F2's were intermediate between their respective parents in all crosses. F2 plants of each cross were widely spreaded between its two parents with transgressive segregations over highest parent in the crosses Master × Sugar gem and Victory freezer × Sugar gem. Quantitative genetic parameters gained for plant length trait are presented in Table 2 .
Several types of dominance were obtained for plant length trait. Positive PR value indicated partial dominance of the high parent in the crosses Master × PS 210713 and Victory freezer × 6-Lebanon and complete dominance of the tallest parent in the cross Master × Sugar gem, however, partial dominance towards the shortest parent were found in the cross Victory freezer × Sugar gem. These various results might be due to using different germplasm. These results are partially agree with those of Hamed et al (2015) and El-Dakkak (2016) who found dominance towards high parent in some population of peas.
All studied crosses exhibited negative high-parent heterosis for plant length trait ranged from -28.75% to -5.51%. These results agree with those of El-Dakkak (2016) who found negative heterosis for this trait and partially agree with those of These different results might be due to using diverse germplasm. These results are in agreement with the previous results which reported that this character was controlled by one pair (Hamed et al, 2015) , 1-3 pairs (Hamed, 2005) and 1-5 pairs (Noser, 2002) . This means that plant length in quantitavely inherited. Calculated BSH for plant length trait were moderate to high being 45.52% to 82.47% ( Table 2) Table 3 .
Parents were highly significant diverse in this character. F1 and F2 means were intermediate between their respective parents in all studied crosses with tendency towards the latest parent except F1 of the cross Victory freezer × Sugar gem and F2 of the cross Victory freezer × 6-Lebanon which tendency towards the earliest parent.
Plants of F2 were vastly spreaded between their parents with transgressive segregation over the earliest parent in the cross Victory freezer × 6-Lebanon.
On comparing the observed means of the studied F1's and its reciprocals, no significant differences were noticed between F1 and it's F1r in number of days to flowering trait in all the studied crosses indicating absence of mother effect for this character. These results are typically in agreement with Khalil et al (2015) who indicated that maternal effects were absent in all studied crosses for number of days to flowering character. Also, these results are partially agree with findings of Noser (2002) and Hamed (2005) who found that maternal effect was existed only in one cross.
Quantitative genetic parameters obtained for number of days to flowering trait are presented in Table 2 . Estimates of BSH for number of days to flowering trait ( Table 2 ) ranged from 65.18% to 90.11% indicating high heritability estimates for this trait. These results indicated the importance of genetic effect in controlling inheritance of this character.
These results partially agree with the previous results which indicated that it was high (Noser, 2002 , Hamed, 2005 
3-Green pod yield/plant
Data obtained on green pod yield/plant trait of parental, F1, F1r and F2 populations of the crosses Master × PS 210713, Master × Sugar gem, Victory freezer × Sugar gem and Victory freezer × 6-Lebanon are presented in Table 4 .
Parents were highly significant various in this character. Means of F1 and F2
were intermediate between their respective parents in all studied crosses except F2 of the cross Victory freezer × 6-Lebanon which was less than the low yielding parent. F2 plants were greatly spreaded between their parents with transgressive segregation over the high yielding parent in the cross Master × PS 210713. Non significant differences were noticed between F1's and their F1r's for this character in all crosses indicating no maternal effect. Previous results typically agree with the findings of Hamed et al (2015) and Kosev (2015) who indicated that maternal effects were absent for this character.
Genetic parameters obtained for green pod yield/plant are presented in Table 2 .
Several types of dominance were noticed for this character. Positive PR value (0.86) were calculated indicating complete dominance towards highest yielding parent in the cross Master × PS 210713. Partial dominance to high yielding parent showed for the crosses Master × Sugar gem and Victory freezer × 6-Lebanon. However, negative PR value (-0.12) was calculated indicating partial dominance to lowest parent in the cross Victory freezer × Sugar gem. These results agree with previous results of Noser (2002) who noticed different types of dominance for this trait. These different results might be due to using various germplasm. y Pairs of means were either highly significant ( ** ), significant ( * ), or not significant ( NS ) different from each other according to (t) test.
Negative high-parent heterosis values were estimated for all studied crosses ranged from -34.37% to -6.13% for green pod yield trait. These results dissagree with those obtained by Noser (2002) , Hamed et al (2015) and Kosev (2015) . These various results might be due to using various germplasm or planting under several environmental conditions for the different studies.
Minimum number of genes controlling green pod yield/plant trait ( Table 2) 
4-Number of pods / plant
Concerning number of pods / plant trait, data of parental, F1, F1r and F2 populations of the crosses Master × PS 210713, Master × Sugar gem, Victory freezer × Sugar gem and Victory freezer × 6-Lebanon are showed in Table 5 .
In each studied cross, parents were clearly various in number of pods / plant.
Means of F1's and F2's were intermediate between their parents in all studied crosses
with tendency of F2's towards the lowest parent. In each cross, F2 plants were greatly spreaded between its two parents with transgressive segregation over highest parent in the cross Master × PS 210713. No significant differences were noticed between F1's and their F1r's for this character in all obtained crosses indicating absence of mother effect. Previous results typically agree with those of Noser (2002), Hamed et al (2015) and Kosev (2015) who reported that maternal effect was not observed in any one of the studied crosses for this trait. This could be due to nature of self pollination in peas.
Quantitative genetic parameters obtained for number of pods / plant are presented in Table 2 . Data on heterosis ( Table 2) showed that the four studied crosses exhibited negative heterosis values ranged from -51.76% to -34.38%. These results typically agree with finding results of Hamed (2005) who estimated negative heterosis values ranged from -32.7% to -2.9% in all evaluated crosses. However, Kosev (2015) calculated positive heterosis in some studied crosses and negative heterosis in others. Kosev (2015) and El-Dakkak (2016) who estimated high values of heritability in the broad sense for this character.
5-Number of seeds/pod
Data obtained on number of seeds/pod trait of parental, F1, F1r and F2 populations of the crosses Master × PS 210713, Master × Sugar gem and Victory freezer × Sugar gem are presented in Table 6 .
In the three studied crosses, parents were highly significant different in this trait. Means of F1's and F2's were intermediate between their parents in all three studied crosses except the F2 of the cross Master × PS 210713 which was lower than the low parent. F2 populations of all crosses were greatly spreaded between its two parents with transgressive segregations over highest parent in the crosses Master × Sugar gem and Victory freezer × Sugar gem. Non-significant differences were showed between F1's and their reciprocals for this trait in the three crosses indicating no maternal effect. These results typically agree with those of Hamed (2005) and Khalil et al (2015) who reported that maternal effect was not observed in any one of studied crosses. This could be due to nature of self pollination in pea.
Genetic parameters obtained for number of seeds/pod are presented in Table 2 .
Several types of dominance were noticed for this trait. Positive PR values (0.92 and 0.08) were estimated indicating complete and partial dominance to highest parent in the crosses Victory freezer × Sugar gem and Master × Sugar gem, respectively. However, negative PR value (-0.50) was calculated indicating partial dominance towards lowest parent in the cross Master × PS 210713. Obtained results agree with previous results of Noser (2002) who found different types of dominance for this trait. These different results might be due to using various germplasm.
All studied crosses exhibited negative heterosis values ranging from -26.74%
to -1.18% (Table 2 ). These results are typically in agreement with results of Hamed 
6-Shelling percentage:
Data recorded on shelling percentage of parental, F1, F1r and F2 populations of the crosses Master × PS 210713, Master × Sugar gem, Victory freezer × Sugar gem and Victory freezer × 6-Lebanon are presented in Table 7 .
Parents in all four crosses were greatly differing in shelling percentage. Means of F1's were greater than their high parents in all studied crosses. Means of F2's were intermediate between their respective parents in all studied crosses except the F2 of the cross Victory freezer × Sugar gem which was higher than the high parent. F2 populations of all crosses were widely spreaded between their parents with transgressive segregations over high parents in four studied crosses.
Data showed non-significant differences between F1's and their F1r's for this character in four studied crosses indicating no mother effect. These results typically agree with previous results obtained by Noser (2002) , Hamed (2005) and Khalil et al (2015) .
Genetic parameters calculated for shelling percentage are presented in Table 2 .
Positive PR values (4.30 and 1.51) were estimated indicated over dominance of high parent in the crosses Master × PS 210713 and Master × Sugar gem, respectively. Meanwhile, complete dominance to high parent in the crosses Victory freezer × Sugar gem and Victory freezer × 6-Lebanon were found. These crosses showed insignificant differences with the high parent. These results typically agree with those obtained by Noser (2002) 45.24 ± 0.99 117.592 z Each class represents a range of 7.1% and class values indicated represent class centers. y Pairs of means were either highly significant (**), significant (*), or not significant ( NS ) different from each other according to (t) test.
